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© Hair fixatives. 

© A hair treating method for imparting curl retention to hair in which at least one film forming ingredient is 
applied to the hair. The improvement utilizes as the film forming ingredient an organosilicon compound which is 
a pre-hydrolyzed organofunctional silane having silsesquioxane characteristic. Hair fixative compositions includ- 
ing the silane are also disclosed. 
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r6 fJt!! S n!rh nti0n "HTJ° ^ h3ir RXat,Ve com P° sitions «* to '"'Proved methods of providing curl 
tiona, sZs ' n C * ^ ' S emP ' 0yed 38 "» f ° rmin9 in9redien, C6rt - P^V^ organoJnc 

,n m ^ ati r eS / re deSi ^ ed t0 Pr ° Vide 3 temp0rary settin 9 effect or cu " to *e hair and while the most 
common fixate ,s a har spray which is designed to be applied to the hair after the hair Ta been blow 

Srfn H SPeC,at lT fiXatiV6S Ca " be appNed either after the hair is towel dried or to drThaJt 
order to prov.de more body and volume to the hair and to aid in styling, modeling and scltino oT the hair 

roiT iivr-H™ is i° ,iowed by app,icati ° n ° f a hair w» f °- - TsZofiz 

sp ay to ma,nta.n the shape and style of the hair and provide gloss and sheen to the hair in addifo ! 
we groome and natural appearance. Such specialty type fixatives are marketed under v^s nal 
mcludmg styl.ng gels, styling cremes. styling mousses, styling foams, styling spravs stvL Tr°t 2 

a 9 Sin 9 g1l 9 r n9 ~* "* ^ ~ ; Spri * ^ 

film Tr? 6 ' *!!* e iS ,he m ° re COmm ° n hair spray or a s P ecialt V type fixative, it will typically include a 
^J?Z 9 ? T 38 h3ir h °' din9 39ent The film formi "9 addi « v « ""old Pro^de hai n h owL 
ESZZT . b ° n i me " aKin9 ° f P ° Wder ° n COmbin 9' rapid cu ™° « d ^9 on hlTnonstic- 

Examples of currently used filnvtorming agents are shellac, polyvinylpyrrolidone-ethyl methacrvlate- 
methacrykc add terpolymer, vinyl acetate-crotonic acid copolymer vinyl acetate-croZr /wn , 
SEE? TfT ^^V'PV-idone-ethylmethacrylate methac^c ddtpX S m Z 
PO^^^ copoly^ 

Such resins contain carboxyl groups which must be neutralized to some degree to provide comoatibilitv 

oirr v as , c,i, ; tate removai by shamp °° in9 and f ° increase »• **£ rji H rrs 

SnTl extent of neutralization, the less resistant the film is to high humidity Therefore although hese 
=se C Tfpl re ho r d W3ter S0 ' Ub,e bY neUtraH2ati0n ' Water - b3Sed ^'-systems a* £*S2 
r an P ° ly ™ ylpyrrolidone and certain quaternary ammonium compounds, most notably Polyquaternium-1 1 
comntt TV ,ba . C0smetic ' Toi,e ^ and prance Association) are film forming SSSS h 
27 S J I" t 6d f ' XatiVe SyS,emS SUCh 38 9els and mousses - Ho ^ver. these watertluble !esins 
1Z * , ^ reSiStant 10 hi9h hUmidi,y - ,n ,act ' these tend to be hygroTcoo c to the 

2s JITS?-? h ^ hUmidi,y aCtUa " y SOftenS 3nd PlaStiCi2eS the films th ™9" ST* o ption 
Thus avnee^^osts^or * fixative resin^hich.rs.^i), completely water; soluble ^withoui neunalii^^ 

s^ e ,f^ l9 ^ h ^ idity : esis,ance when app,ied from ^ ^ KSSSz 

propellants and <„i) can be used in all the possible solvent systems for this application n y drocarbo " 

o m Jl!T COrd n Ce « With the Pr6Sent inventi0n ' 3 new hair ,ixa,ive formulation is provided which includes an 
organos ,con film forming material. Specifically, the organosilicon film forming material is an o qanofunc- 

C r 0 ; ^ s r yZ T " iS n0t ^ ln the 3rt t0 empl0y organosilicon'compoun Tn 2 fixative 
compositions. Nor « ,t new , n the art to use silane type materials in hair fixatives For exeZte 
organos.lanes are disclosed in U.S. Patent No. 2,782,790, issued February 26 1957 US PatTw 
4*44,763 issued August 17, ,982; and in European Patent Application BsZn 4. published October 30 
1985 under Publication No. 0 159 628 A2. While these references disclose various hair tiea ting h a ° settfno 

«. 11 , T m9 T h0dS WhiCh emp '° y SilaneS ' none of the P rior art teaches the use o thTparticular Te 
so hyd olyzed organofunctional silane having silsesquioxane characteristic as disclosed herein 

In contract to the organic film forming additives, the compositions of the present invention orovide hiah 
humidrty resistance from water, as well as ethanol-water solubility without neuStion The S 
func onahty and the d.spersability of the organosilicon materials permits the forma E ^ of solutions 
emulsions.. m,cro-emulsions or suspensions in water. The silane hydrolyzates can also ha 
as aerosol solvents or in volatile silicones, mineral oi, or other noSSSEl ^ 8 "l of 
olubifi y is made possib.e by the chain flexibility of the molecule and by incorporating varying tevTs o 
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This invention is directed to a hair treating method for imparting curl retention to hair in which at least 
one film forming ingredient is applied to the hair. The improvement utilizes as the film forming ingredient an 
organosilicon compound. The preferred organosilicon compound is a pre-hydrolyzed organofunctional silane 
t having silsesquioxane characteristic. 

oh T — This invention is also directed to a hair treating method for imparting curl retention to hair in which a 
film is formed on the hair and the film is an organosilicon compound which is a pre-hydrolyzed 
, organofunctional silane having silsesquioxane characteristic. 

0 ta)t> ^ j ne j nven tion is further directed to hair fixative compositions for imparting curl retention to hair which 

include an organosilicon compound which is a pre-hydrolyzed organofunctional silane having silsesquioxane 
jo characteristic. 

These and other features, objects and advantages, of the present invention will become more apparent 
when considered in light of the following detailed description thereof. 

As noted above, the present invention relates to hair fixatives which utilize as the film forming ingredient nr PxoorieVpy 
a pre-hydrolyzed organofunctional silane having silsesquioxane characteristic. Such silanes have been ^ 

rs found to exhibit improved curl retention in comparison to conventional organic systems, and provide the &<^c8cf>€M> 
advantages of ethanol solubility, water compatibility; nonirritability, excellent aesthetics on hair, good wet ^T^-^L 
and dry combing, excellent shampoo removability, good sheen, improved hold, low buildup, nontacky and — t 

.reduced flaking. The hydrolyzed silanes of the present invention also offer the added benefit that a 
plasticizer is not required, although plasticizers may be included, in the fixative composition if desired. 

20 Typical organic lixalive^systems include what are known in the trade as GANTREZ® resins which are - 
polymers consisting of the partial ethyl ether of the polycarboxylic resin formed from vinyl methyl ester and 
maleic anhydride. One of the more popular GANTREZ® resins is GANTREZ® ES 225, a product of the 
GAF Corporation, Wayne New Jersey. GANTREZ® is also a trademark of the GAF Corporation. This resin 
has been the film forming ingredient in such products as WHITE RAIN® and FINAL NET®. Such resins are 

25 typically employed as an ethanol based pump spray. 

Several commercial hair fixative formulations are water based and include deep conditioners, styling 
gels and mousses. While not primarily a hair fix ative, the deep conditioners may contain a | water soiuETe 
" resin for imparting some aeqree ot set retention! The most popular organic film forming ingredienttn such 
water based organic systems is known in the trade as the GAFQUAT® resins. Such resins are also 

30 products of the GAF Corporation, Wayne, New Jersey, and GAFQUAT® is a trademark of that company. 
Exemplary of the commercial resins are GAFQUAT® 734 and GAFQUAT® 755, otherwise known under the 
designation Polyquaternium-11, an adopted name of the Cosmetic, Toiletry and Fragrance Association. 
While organosilicon compounds are not known to be water soluble, the hydrolyzed silanes of the present 
invention are soluble or compatible in wate* based systems and hence possess utility in such systems in 

35 place of the organic GAFQUAT® variety of resin currently employed in the art. 

The pre-hydrolyzed organofunctional silanes of the present invention having silsesquioxane characteris- 
tic also have application in aqueous-alcohol based hair fixative systems. Aqueous ethanol, for example, is 
employed in some commercial spray-on pump and aerosol type products and mousses. The function of the 
alcohol in such systems is to promote faster drying of the formulation relative to the water based type 

40 system. In addition, the silanes of the present invention may be used in anhydrous alcohol systems whether 
the system is designed for aerosol delivery or delivery by means of a pump spray device. In the hair 
treating method in accordance with the present invention, the film forming ingredient is an organosilicon 
compound having in the molecule at least one moiety of the formula 

45 (Z-Y-X-R-Si0 3 /2) n 

wherein 

X is a radical selected from the group consisting of amino, ammonium, quaternary amino, carbonyl, 
sulfonyl and amido or a sulfur or oxygen atom; 
so Y is an oxygen atom, a radical selected from the group consisting of alkylene, arylene, alkylarylene, 
alkyleneoxy, aryleneoxy, alkylaryleneoxy, carbonyl and phosphoryl or a covalent bond; 

Z is hydrogen or a radical selected from the group consisting of alkyi, alkenyl, aryl, amino, amido, 
ammonium, hydroxy, carboxy, vinyl, vinylbenzene, epoxy, vinylbenzylamino, alkylacrylo, polyalkyleneoxy, 
metal hydroxy!, alkylcarbonyl, arylcarbonyi, morphilino and oxazolino; 
55 R is a radical selected from the group consisting of alkylene, arylene, alkylarylene and alkenylene or an 
oxygenated, aminated, amidated or thiolated, substitution thereof; and 
n is an integer from one to ten thousand. 

These organosilicon compound are pre-hydrolyzed organofunctional silanes having silsesquioxane 
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^ based on the weigM of the Sri MmTll iSJ ab ° Ut °' 1 * ab ° Ut ,ifty ^ * weiQht 
^ [evel from about three to aSSLTS?" h "T C ° mP ° Und iS present in ,he mixtura * a 

5 may be water, a hydrJcS a aSTor "TS ?f k f * * miX,Ure ' The SGlvent T 

hydrocarbon, it is preferred^ emrtov mall « h J ^ " Btar - Where «• solvent * a TfcWut 

and isobutane. In the e^e ^ ™ " ^ ethyfether ' «**d petroleum gas, propane 

isopropanol. ° ' SOme a PP ro P ria te materials are methanol, ethanol and 

«% ip^ly^ro^ *• -* -d a.kylene radicais 

H*; - bears a positive charoe the antan l! k 7' " d a ' S ° be n0,ed OTat where «" e composition 
pother anion. Vv^ereTe compound is amino,?? T ■f** 1 ^' ^ *■* ""»*«■ ^de or 
^ neutralized without prtnaZ w Lew add 7 coZ h 3 ^ aCid « 

structure., Such compounds can also ta^LX , C °T UndS ™ y 66 linear " c * clic or <* 
» the X, Y and 2 Zps ThS coloun^T k T ' MzQ(S 0r ,rimerized «««gh 

compounds in accordance w h the 3n, nv^n L^f T ^ !* " ^ The ° r 9 anosi,i <™ 
forming submicron i^^TSS^S ^ . S ° ,Ub ' e ma,eria ' S; miCe " ar: ^ °' 
depending on the solvent ys.em emoloved S-h m ' Cr0e ™ ls,ons: or crystalline in structure 
.erpolymersorbiendsin^ * Copolymers, copolymers, 

silaneLijTs^ Present invention is a pre-hydro,yzed organofunctiona, 

squ.oxane characterise and conta,n,ng ,n the molecule at least one moiety of the formula *> 

[NH 2 -CH 2 -CH 2 -NH-CH 2 -CH 2 -CH 2 -SiO-3«] n . 

= ent such as «JT»M»^^^ 

formltyns^^om^ diSS °'? d h *«- and ^ * cur. retention. These 

"eight of the ITrS J real £35 2?^?,^' ,0 ^ « b * 
Chemical, Bridgewater New Jersev ThT^, ! ■? manufactured by National Starch and 

b^oi ^^ETLii ^S^LTSS. 0 ' !? e , pre r inven,ion provided curl 

one to five percent by weioht of the Top in T Commercial P roduct a "d at levels ranging from about 
present invention ff^«2^S^^ l, "* ^ ** Si ' aneS ° f ,he 

results were achieved in ieZo^lTZ ^ aneZ^S ST"*" 
another commercial product FINAL NET® The , rlX „f ^ ° ,he Pr6Sert inven,ion with 

below. ' The results of ,hese tests and their procedures are set forth 

presenting " *"* h to «" — — « the concepts embodied by the 

ExafT1 P |e ! - ^4q_ ^po|cnc\v«iMi«L p^iidLy^ 

of ,hermome,er was piaced 662 

flask was added thiSy ZLsT^yZ ten i Tr ^^ C ^ C ^ NHCH ' CH ^H 2 Si(OCH 3 „. To the 
blend was mixed thoroughly To the mire wl m ^ ] d "^^anol. The silane and the alcohol 

[NH 2 .CH 2 -CH 2 .NH-CH 2 .CH 2 -CH 2 .SiO^] n . 

Example II r Ei€p^ de to^p^^xo^Ws pr dkuetip. ~ ^ ^et >l + jwofbrH. 
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The hydrolyzed silane of Example I was formulated into a hair fixative composition by mixing the 
hydrolyzed silane with ethanol in order to provide various fixative formulations containing one, two, three 
and five percent by weight of the silane. These silane hair fixative formulations were evaluated for curl 
retention and compared to commercial hair fixative products in accordance with the procedures set forth 
5 below. The results of such evaluations and comparisons are provided in the accompanying Tables. 

Example III ^ Te* 6 *<fi/aJ6uto> 

Hair fixative formulations were evaluated by employing six inch hair tresses of approximately two grams 
w of untreated human hair. Each tress was made by gluing the top part of the hair to a 2" x 2" plastic tab. 
After drying on the tab, the hair was trimmed to six inches. Each tress was then cleaned with an 
anionic/amphoteric shampoo of the following formulation: 

75 Distilled Water 

Methylchlorisothiazolinone 
and methy lisothiazolinone 

Ammonium Lauryl Sulfate 

Lauramide DEA 
20 Sulfuric Acid 

Ammonium Chloride 



61.45% 
0.05% 

35.00% 
3.00% 
q . s . 
0.50% 



The tress was first rinsed for 15 minutes under 40° C. tap water and 0.5 cc of the above shampoo was 
25 applied. Shampooing for 30 seconds was followed by a 30 second rinse. The tresses were then set on 
plastic rollers approximately 1/2 in. in diameter and allowed to dry overnight. Hair fixative formulations were 
applied to the hair either by dripping on 0.5 g or by spraying on 0.3 g. If the drip application was used, the 
hair was combed three times and reset on a roller. If the resin solution was delivered from a pump, the hair 
was not reset. The solution was allowed to cure on the hair for a period of one to two hours for ethanol- 
30 based and overnight for water-based formulations. The dried tresses were hung in a constant humidity 
chamber at 90 percent relative humidity and initial readings were taken as well as additional readings at 
predetermined intervals. If the tress was reset, the roller was removed prior to exposure. 

Curl retention was calculated as the extended length minus the length at the end of the predetermined 
interval divided by the extended length minus the initial length. Tables I and II represent curl retention after 
35 24 hours of exposure and evidence excellent performance of the silane hydrolyzate at low add-on levels in 
comparison to the organic control. 



TABLE I 
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45 



Percent Silane in 


Curl Retention 


Ethanol 


(Percent) 


1.0 


96 


2.0 


96 


3.0 


96 


5.0 


94 



50 



55 



TABLE I 



Percent GANTREZ in 




Ethanol 




1.0 


0 


2.0 


0 


' 3.0 


73 



10 



15 
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Example l ^ K ' kJV%UU>H OkM**.*-** 

Into a three neck round bottopv flask equipped with a stirrer, thermometer and nitrogen inlet was placed 
60 grams of ethylenediaminopfopyltrimethoxy silane. To the flask was added 425 grams of 200 proof 
ethanol and 15 grams de-ionized water while stirring. The mixture was refluxed under nitrogen for more than 
one hour. After cooling, the solution was poured out into evaporating equipment and the solvent was 
evaporated off at room temperature. The solid was then redissolved in 150 grams 200 proof ethanol in a 
flask under nitrogen while heating. 

Example V - fkp . <k~ uxnpi Jrxauitt. CUJtc JUcarprg dn 0=oH 

The hydrolyzed silane of Example IV was formulated into a hair fixative composition by mixing the 
hydrolyzed silane with ethanol in order to provide various fixative formulations containing three, five and ten 
percent by weight of the silane. 

EXAMPLE VI - &oUk6rs 



The hair fixative formulations of Example V were evaluated according to the procedure described in 
Example III. The organic resin GANTREZ ES225 was used as the control comparison. The results of these 
20 evaluations are given below. 



25 
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35 



TABLE III 

Percent Silane in Ethanol 

3.0 
5.0 
10.0 

Percent Gantrez in Ethanol 

3.0 
5.0 
10.0 



Curl Retention (Percent) 



86 
98 
98 



93 ] Corn pOU 

98 / 



Example VII ^ ^ ^* kASU 



40 Part A: Into a 4 oz. bottle was added 40 grams 200 proof ethanol and 4 grams methyltrimethoxysilane 
of the formula CH 3 Si(OCH 3 )3. Part B: Into another 4 oz. bottle was added 1.5 grams de-ionized water and 
0.6 grams ethylenediaminopropyltrimethoxysilane. After mixing both parts, Part A was added to Part B. 

Example VIII Bt^p. & 1 *&ml 

45 

Part A: Into a 4 oz. bottle was added 40 grams 200 proof ethanol and 4 grams propyltrimethoxysilane of 
the formula CH 3 CH2CH 2 Si(OCH 3 )3. Part B: Into another 4 oz. bottle was added 1.5 grams de-ionized water 
and 0.6 grams ethylenediaminopropyltrimethoxysilane. After mixing, Part A was added to Part B. 

so Example IX tvoJLi>° 

The materials made in Examples VII and VIII were evaluated as hair fixatives without further dilution or 
modification. The procedures used were those in Example III and results are given below. 
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TABLE IV 



Solution 


Percent Silane in 


Curl Retention 




Ethanol 


(Percent) 


Example VII 


8.7 


98 


Example VIII 


8.7 


99 



10 



15 



Example X 8u£pa. d'l jsAsj^I 

Into a 4 oz. glass bottle was added 36 grams of deionized water. While stirring, 4.0 grams of 
ethylenediaminopropyltrimethoxysilane was slowly added. Stirring was continued to insure complete mixing. 
At least 16 hours was allowed to elapse prior to evaluation to ensure complete hydrolysis. 

Example XI 

Example X was repeated using the silane 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chlo- 
ride of the formula CI(MeO)3SiCH 2 CH2CH2(CH3)2N*Ci8H37. <JT 

Example XII ' W 2 

Example X was repeated using sodium-3-trihydroxysilylpropylmethyl phosphonate of the form ufa 
25 (H0-) 3 SiCH 2 CH 2 CH 2 OP = O(CH3)O-Na + . j* , v f ^ v 

Example XIII = GjoVP A 
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The materials made in Examples X, XI and XII, were evaluated as hair fixatives without further dilution 
or modification. The procedures used were those in Example III and results are given in Table V including 
comparisons to PVP K-30 (polyvinylpyrrolidone) and GAFQUAT® 755N. 
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Solution 

Example XII 
Example XIII 
Example XIV 



TABLE V 

Percent Silane 
in Water 

10 
10 
10 



Curl Retention 
(Percent) 




45 



Solution 

PVP K-30 
GAFQUAT® 75 5N 



Percent Resin 
in Water 

10 
10 



PVP K-30 is a polyvinylpryyolidone polymer with an average molecular weight of 40,000. GARQUAT® 755N 
is a quaternized copolymer of vinylpyrrolidone and dimethylaminoethyl methacrylate with an average 
molecular weight of 1,000,000 and the CTFA designation of Polyguaternium-23. 

Compounds preferred in accordance with the present invention are those compounds which are 
produced from the following silanes as starting materials: 

(MeO)3SiCH 2 CH2CH2NHCH 2 CH 2 NH2 
(MeO)3SiCH 2 CH 2 CH2NH2 
C|-(MeO) 3 SiCH2CH2CH2(Me)2NeCi8H 3 7 
(MeO)3SiCH 2 CH 2 CH 2 OCH 2 CH(OH)CH 2 NHCH 2 CH 2 NH 2 
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(MeO) 3 SiCH2CH2CH2NHCH2CH 2 NHCH20CH = CH 2 HCI 



w 



15 



0 

/ \ 



( MeO ) 3 S i CH 2 CH 2 CH 2 OCH 2 CH - CH 2 



©«9 



0 

I 



0 %T © 



(Na v O°) 3 SiCH 2 CH 2 CH 2 OP(CH 3 )O y Na 
( EtO ) 3 SiCH 2 CH 2 CH 2 NH 2 , 



and 



_r~ 



(K^O CT ) 3 SiCH 2 CH 2 CH 2 N(CH 2 CH 2 CO 9 K 0 )CH 2 CH 2 N(CH 2 CH 2 CO W K W ) 2 



The compositions of this invention may contain an emuteijying agenfe selected from the group consisting 
20 of anionic, amphoteric, nonionic, cationic and zwitterionic surfactants. Suitable aRtofw>- detergerfis include 
sulfonated and sulfated alkyl, araikyl and alkaryl anionic detergents; alkyl succinates; alkyl sulfosucci nates 
and N-alkyl sarcosi nates. 

Surfactants generally classified as amphoteric ..or amphofytic detergent© include, among others, 
cocoamphocarboxyglycinate, cocoamphocarboxypropionate, cocobetaine, N-cocamidopropyldimethylglycine 
25 and N-lauryl-N-carboxymethyl-N-(2-hydroxyethyl)ethylenediamine. Other suitable amphoteric detergents in- 
clude the quaternary cycloimidates, betaines and sultaines disclosed in U.S. Patent No. 3,964,500. 

The compositions of this invention may contain a ngnionic surfactant The nonionic surfactants of the 
present invention are selected from the group consisting of fatty acid alkanolamide and amine oxide 
surfactants. 

30 Appropriate eatkmic surfactants in accordance with the present invention include quaternary ammonium 
salts of primary, secondary and tertiary fatty amines. Zwitterionic surfactants which may be employed are 
quaternary ammonium, phosphonium and sulfonium compounds containing aliphatic substituents one of 
which is carboxy, phosphate, phosphonate, sulfate or sulfonate functional. 

Qtlier* adjuvants may be added to the compositions of this invention such as plasticizers, thickeners, 

35 perfumes, colorants, electrolytes, pH control ingredients, anti-microbials, antioxidants, ultraviolet light ab- 
sorbers and medicaments. When the fixative is in the form of a gel or lotion, it is sometimes preferred to 
employ a thickener in the compositions to facilitate the hand application of the composition to the hair. 
Thickeners are preferably used in sufficient quantities to provide a convenient viscosity. For example, 
viscosities within the range of 400 to 6000 cps are preferred for lotions. Higher viscosities are preferred for 

40 gels whereas lower viscosities are preferred for sprays. 

Suitable thickeners, include, among others, sodium alginate, gum arabic, polyoxyethylene, guar gum, 
hydroxypropyl guar gum, cellulose derivatives such as methyl-cellulose, methylhydroxypropylcellulose, 
hydroxypropylcellulose, polypropylhydroxyethylcellulose, starch and starch derivatives such as hydrox- 
yethylamylose and starch amylose, locust bean gum, electrolytes such as NaCI, saccharides such as 

45 fructose and glucose and derivatives of saccharides such as PEG-120 methyl glucose dioleate. Preferred 
thickeners include the cellulose derivatives and saccharide derivatives. The glucose derivative, PEG-120 
methyl glucose dioleate, is. especially preferred in the present invention. Electrolytes including sodium 
chloride and ammonium chloride provide thickening particularly in aqueous systems and may also be 
employed in accordance with the present invention. 

50 Representative plasticizers^ that may be employed include polyproplylene glycol, glycerine and poly- 
siloxanes. Siloxane polymers such as polydimethylsiloxane, cyclic polydimethylsiloxane, phenyl- 
polydimethylsiloxane and polydimethylsiloxane with methylene and or propylene oxide side chains, are 
particularly preferred in accordance with the present invention. 

The perfume^ which can be used in the compositions are the cosmetically acceptable perfumes. 

55 Gerforante are used to confer a color to the composition and may generally be used. Although not required, 
it is preferred to employ an acid or base to adjust the pH within the range of 5 to 9 or more preferably 
within the range of 6 to 8 in the compositions of this invention. Any water soluble acid such as a carboxylic 
acid or a mineral acid is suitable. For example, suitable acids include mineral acids such as hydrochloric, 
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sulfuric and phosphoric, monocarboxylic acids such as acetic acid, lactic acid or propionic acid; and 
polycarboxylic acids such as succinic acid, adipic acid and citric acid. Where a base is required, organic 
amines such as 2-amino-2-methyM-propanol are appropriate. 

If for special purposes condone?! are desired, they may be added. For example, any of the well- 
known organic cationic hair conditioning components may be added. Some catieH^c-condftioningrcompo^ 
§p0 that may be used in the present invention to provide hair grooming include quaternary nitrogen 
derivatives of cellulose ethers, homopolymers of dimethyldiallyl-ammonium chloride, copolymers of ac- 
rylamide and dimethyldiallylammonium chloride, homopolymers or copolymers derived from acrylic acid or 
methacrylic acid containing cationic nitrogen functional groups attached to the polymer via ester or amide 
linkages, polycondensation products of N,N'-bis-(2,3-epoxypropyl)piperazine or of piperazine-bis-acrylamide 
and piperazine, poly(dimethylbutenylammonium chloride)-a,orbis-(triethanol-ammonium) chloride and 
copolymers of vinylpyrrolidone and acrylic acid esters with quaternary nitrogen functionality. The above 
cationic organic polymers and others are described in more detail in U.S. Patent No. 4,240,450. Other 
categories of organic conditioners may also be employed such as proteins, monomeric organic quaternarys 
and betaines. SiJicpne conditioning agents may also be employed such as cyclomethicone, dimethicone, 
phenyldimethicone. dimethicone copolyol, amodimethicone and trimethylsilylamodimethicone. 

A. v gys$se*vatifce may be required and representative preservatives which may be employed include about 

0. 1-0.2 weight percent of compounds such as formaldehyde, dimethyloldimethylhydantoin, 5-bromo-5-nitro- 
1,3-dioxane, methyl and propyl parahydroxybenzoates and mixtures of such benzoates with sodium 
dehydroacetate, sorbic acid and imidazolidinyl urea. 

The compositions of the present invention may also be formulated to include dyes, colorants, reducing 
agents, neutralizing agents and preservatives, necessary for their application as permanent wave systems 
or hair dyes, for example. The active formulation can be applied in several different forms including lotions, 
gels, mousses, aerosols and pump sprays, for example, and as conditioners and shampoos. The active 
ingredient includes a carrier and suitable carrier fluids for hair care formulations are water as well as, for 
example, such fluids as alcohols namely ethanol or isopropanol, hydrocarbons and halogenated hydrocar- 
bons such as mineral spirits and trichloroethane, supercritical fluids such as supercritical carbon dioxide and 
nitrogen, cyclic siloxanes and aerosol propellants. In those instances where it is desired to incorporate the 
active in the form of either an emulsion or microemulsion. such emulsions may be prepared in accordance 
with either U.S. Patent No. 4,501,619. issued February 26, 1985, which is directed to emulsions or U.S. 
Patent No. 4,620,878. issued November 4, 1986, relating to microemulsions. 

When the composition is intended for aerosol application, propellant gases can be included such as 
carbon dioxide, nitrogen, nitrous oxide, volatile hydrocarbons such as butane, isobutane or propane and 
chlorinated or fluorinated hydrocarbons such as dichlorodifluoromethane and dichlorotetrafluoroethane or 
dimethylether. Where the solvent system is alcohol free, mechanical and chemical drying agents may also 
be employed in spray and aerosol formulations. 

It will be apparent from the foregoing that many other variations and modifications may be made in the 
compounds, compositions and methods, described herein, without departing substantially from the essential 
features and concepts of the present invention. Accordingly, it should be clearly understood that the forms 
of the invention described herein are exemplary only and are not intended as limitations on the scope of the 
present invention as defined in the appended claims. 

Claims 

1. In a hair treating method for imparting curl retention to hair in which at least one film forming ingredient 
is applied to the hair, the improvement comprising utilizing as the film forming ingredient an 
organosilicon compound having in the molecule at least one moiety of the formula 

(Z-Y-X-R-Si0 3/2 )„ 

wherein 

X is a radical selected from the group consisting of amino, ammonium, quaternary amino, carbonyl, 
sulfonyl and amido or a sulfur or oxygen atom; 

Y is an oxygen atom, a radical selected from the group consisting of aikylene, arylene, alkylarylene, 
alkyleneoxy, aryleneoxy, alkylaryleneoxy, carbonyl and phosphoryl or a covalent bond; 

Z is hydrogen or a radical selected from the group consisting of alkyl, alkenyl, aryl, amino, amido, 
ammonium, hydroxy, carboxy, vinyl, vinylbenzene, epoxy, vinylbenzylamino, alkylacrylo, polyal- 
kyleneoxy, metal hydroxyl, alkylcarbonyl, arylcarbonyl, morphilino and oxazolino; 
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R is a radical selected from the group consisting of alkylene. arylene. alkylarylene and alkenylene 
or an oxygenated, aminated, amidated or thiolated. substitution thereot; and 
n is an integer from one to ten thousand. 

The method of claim 1 in which the organosilicon compound is applied to the hair as a mixture 
including a solvent and in which the organosilicon compound is present in the mixture at a level from 
about 0.1 to about fifty percent by weight based on the weight of the mixture. 

The method of claim 2 in which the pre-hydrolyzed organofunctional silane having sil sesquioxane 
characteristic has in the molecule at least one moiety of the formula [NH 2 -CH 2 
CHaNHC^CHaCHzSiOa/aln- 
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© A hair treating method for imparting curl reten- 
tion to hair in which at least one film forming ingre- 
dient is applied to the hair. The improvement utilizes 
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